The conformation of poly(dG-dC)-poly(dG-dC), poly(dG)-poly(dC), and calf thymus DNA modified with N-acetoxy-N-2-acetylaminofluorene (N-acetoxy-AAF) was examined by extent of reaction with anti cytidine antibodies. In contrast to modified poly(dG)-poly(dC) and DNA, modified poly(dG-dC)-poly (dG-dC) failed to react with the antibodies indicating that the base pairing in this polymer is intact. This is consistent with induction of the Z-DNA conformation in AAF modified poly(dG-dC)•poly(dG-dC). Using minimized potential energy calculations on the dCpdG-AAF dlmer as a model for the modified polymer, it is shown that the proposed Z-DNA conformation is energetically stable. A model is proposed for an AAF modified tetramer, dGpdCpdGpdC, in which the AAF is external to the Z-DNA duplex.
INTRODUCTION
Previous studies in this and other laboratories (1, 2) have elucidated aspects of the conformation of DNA modified by the carcinogen N-2-acetylaminofluorene (AAF). Binding of AAF to the C-8 position of deoxyguanosine results in a distortion of the DNA helix in which the dG residue adopts the syn conformation and the AAF residue is inserted into the helix in the position of the displaced guanine residue. This model was therefore referred to as the base displacement (3) or insertion-denaturation model (4) .
With the discovery of unusual nucleic acid structures (5, 6) in alternating purine-pyrlmidine sequences, termed Z-DNA, in which the guanosine residues also adopted the syn conformation, we began to investigate the conformation of the synthetic copolymer poly(dG-dC)•poly(dG-dC) modified with AAF. In a previous study (7) , we showed that modification of poly(dG-dC)* poly(dG-dC) to high levels (>20%)with AAF resulted in an inversion of the circular dichroism (CD) spectra similar to that seen in the unmodified polymer in high salt or ethanol solutions (8, 9) . This change in CD spectra has been attributed to a change in conformation from the B to the Z form (5, 26 ).
Susceptibility to S 1 nuclease digestion also suggested differences in conformation between modified forms of DNA and poly(dG-dC)'poly(dG-dC).
While modified DNA was sensitive to S. digestion, modified poly(dG-dC)-poly(dG-dC) was almost completely resistant (7, 25) .
Since a previous study has shown that denatured poly(dG-dC) also has an inverted spectrum (10) , such changes in the CD spectra are not definitive evidence for the duplex Z form DNA. To obtain additional evidence against the possibility that our CD results are due to denaturation of poly(dG-dC)*poly(dG-dC) with AAF modification, its conformation was further investigated using anti cytidine antibodies. Since these antibodies react only with bases in single stranded regions of a polymer, they can be used to detect the extent of denaturation. For the visualization of the altered conformation of the AAF modified polymer, potential energy calculations were performed and a model is proposed.
MATERIALS & METHODS

Chemicals
Poly(dG-dC)-poly(dG-dC) and poly(dG)•poly(dC) were purchased from P-L. Biochemicals, Milwaukee, WI USA; anti cytidine antibodies (11) dine-free media. The final specific activity was 1.9 Ci/mole and the sample was denatured by boiling, followed by rapid cooling.
Modification of Polymers With N-Acetoxy-N-2-Acetylamlnofluorene
The synthetic polydeoxynucleotides and calf thymus DNA were treated with N-AcO-AAF in 1 mM phosphate buffer (pH 7.5). Nucleic acids (0.25 mg) were incubated with N-AcO-AAF (0.2 mg) for three hours at 37°C followed by extraction of the unbound carcinogen with ether. The extent of modification was determined from the ratio A_ nl .:A (7).
Radioimmunoa83ay
The radioimmunoassay was carried out at nonequilibrium condition (12) . Anti C antibodies diluted 1:25 (0.1 ml) were incubated with various concentrations of the inhibitor, unlabeled dDNA or modified nucleic acid (0.1 ml), for two hours at 37°C in 0.01 M TRIS (pH 7.8). After cooling to 4°C for 10 minutes, the tracer of [ 3 H]dDNA (0.1 ml =25,000 cpm) was added, followed five minutes later by goat anti rabbit IgG (0.1 ml of a 1:10 dilution). The samples were kept at 4°C for 45 minutes, centrifuged, and the precipitates dissolved in 0.1 M NaOH for counting. The concentration of diluted antibodies was chosen such that 12,000 cpm were bound in the absence of an inhibitor and this value was taken as 100%.
Blank samples of about 1,000 cpm obtained in the absence of anti C antibodies were subtracted from each assay.
Potential Energy Calculations
Calculations were made for the AAF adduct with dCpdG ( Fig. 1 ) considering contributions to the energy from Van der Waals, electrostatic, torsional, and deoxyribose strain terms as in earlier work (13). In addition, the potentials for the DNA employed previously were improved according to the method of Srinivasan and Olson (14), with anomeric potentials for phosphate and deoxyribose, and phosphate charge counterion and screening terms. The twelve torsion angles designated in Figure 1 and the pucker of both deoxyriboses were flexible parameters, and the energy was minimized as a function of these fourteen variables. Starting conformations were all the u>',u,iji combinations of dCpdG (15) and other deoxydinucleoside monophosphates (13) below 5 kcal/mole, together with the four C(3')-endo and C(2')-endo sugar pucker combinations.
Plausible starting values of + 45° for a and 0,0° and 180° for Y, 0°f or 6, and glycosidic torsions anti for cytidine and syn for guanine were used. Details of the calculations are to be published elsewhere (15). Some preliminary results have been presented (16) .
RESULTS ^ DISCUSSION
In our previous study ( 7 ) , we have shown that S nuclease cannot detect any significant single stranded regions in AAF modified poly(dGdC)-poly(dG-dC). Another very sensitive method for the detection of denatured sites in a double stranded polymer is radioimmunoassay using anti cytidine antibodies which react only with cytidine residues in single stranded regions.
In the absence of an inhibitor, these antibodies are able to pre- contain any significant single stranded regions. In contrast, poly(dG)-poly(dC) which from CD studies is unable to adopt the Z-conformation (9) shows different results than the alternating copolymer. The sample with 5% AAF modification does react with the antibodies and therefore inhibits their binding to the radioactive tracer. The level of inhibition is not as great as with the DNA-AAF with 11% modification, but this may simply indicate a greater amount of denatured regions in the more highly modified sample.
The results presented here are consistent with our previous findings that AAF modified poly(dG-dC)-poly(dG-dC) adopts a conformation whose properties are similar to that of Z-DNA (7) . In order to propose a possible conformation of the modified polymer, potential energy calculations were performed on the dCpdG model system. Of Special interest to the present study are a representative pair of lov energy local minimum energy conformations whose DNA backbones are alike and very similar to that of the dCpdG segment of Z-DNA (18) . Figure 3a and b show ORTEP (19) drawings of these computed dCpdG-AAF adduct conformers. The guanine is syn and approximately coplanar with cytidine, while the AAF residue is twisted nearly perpendicu-lar to the G, the deoxyrlboses are alternately C(3')-endo (G) and C(2')-endo (C) domains, the 03'-P and 05'-P rotations are both gauche , and the in chain C4
AAF
1 -C5' torsion is trans In both these forms. The two conformers differ in the orientation of the fluorene, characterized by torsion angles a and B which are flexible because of its unimpeded location at the helix exterior. In Figure 3a 
